To evaluate renal function changes and risk factors for acute kidney injury (AKI) after percutaneous nephrolithotomy (PCNL) in patients with renal calculi with a solitary kidney (SK) or normal bilateral kidneys (BKs).
Introduction
With remarkable advances in technology and improvements in new techniques, endourological treatment has been recommended as the mainstay of surgical treatment for renal calculi. Percutaneous nephrolithotomy (PCNL) is the treatment of choice to manage large, multiple, or complex renal stones [1] . According to the Clinical Research Office of the Endourological Society (CROES) PCNL global study, patients with a solitary kidney (SK) accounted for 3.3% of all patients undergoing PCNL [2] , which is a large number of patients needing more attention. The PCNL surgical procedure is technically the same in patients with a SK or bilateral kidneys (BKs), but potential complications may result in more serious consequences, such as urinary system injury and renal bleeding amongst patients with a SK because of compensatory hypertrophy. Cautious strategies can have an impact on stone-free rates (SFRs) and complication rates. In addition, damage to the kidney and postoperative ureteric obstruction may increase the risk of renal function impairment. Whether PCNL is more dangerous in patients with a SK than in those with BKs, and whether its effectiveness, SFRs or renal function are impaired are questions that remain without conclusive answers.
As far as we know, although several studies have reported PCNL for renal calculi in patients with a SK, only one study has ever directly compared the surgical outcomes and complications of patients undergoing PCNL with a SK or BKs [3] , and no further study has tried to avoid possible selection bias or investigated the dynamic changes in renal function after PCNL. The present propensity score-matched pair study aimed to compare the safety and effectiveness of PCNL by a single experienced surgeon in patients with a SK or BKs and evaluate possible risk factors that may impair renal function after PCNL.
Patients and Methods

Study Design
Between January 2012 and December 2016, 859 consecutive patients underwent PCNL at Changhai hospital. In all, 53 patients with a SK were paired with 53 patients with normal BKs via propensity score-matched analysis. The matching criteria included: age, sex, body mass index (BMI), stone size, and serum creatinine. Patients with a SK were identified as patients with either an anatomical or functional SK. Data for the following variables were retrospectively collected: age, sex, BMI, stone size, distribution, operation time, perioperative outcomes, and complications. Stone-free status was assessed by ultrasonography and plain abdominal radiograph of the kidneys, ureters and bladder and/or CT, and was defined as the complete absence of residual fragments or the presence of residual fragments of a diameter of <2 mm [4] . The complications were graded according to the modified Clavien-Dindo system. Acute kidney injury (AKI) was defined according to the Kidney Disease Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Acute Kidney Injury [5] . The estimated GFR (eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) formula and the change in eGFR was calculated by subtracting the preoperative from the postoperative eGFR.
Surgical Technique
All procedures in the present study were performed by a single surgeon (X.F.G.), who had extensive experience in urological minimally invasive surgery. Under general anaesthesia patients were placed in the prone position. Percutaneous access was performed via ultrasonographic guidance, and 22-24 F Amplatz working sheaths were inserted to dilate the percutaneous tract to allow insertion of a 17-F nephroscope (Karl Storz, Tuttlingen, Germany) and lithotripsy instruments. A holmium laser (Versapulseâ100 W PowerSuite TM , Coherent Medical Group, Santa Clara, CA, USA) was used at a power of 3.5 J and a pulse frequency of 20 Hz. Stones were completely fragmented and removed by flushing out by irrigation, forceps or grasper. At the end of the lithotripsy, a 6-7 F JJ stent and an 18-20 F nephrostomy tube were left in situ for drainage. The nephrostomy tube was removed 2-4 days after the operation, on condition that there was no complication and the nephrostomy tube was draining clear urine. In addition, the JJ stent was removed 2-4 weeks later.
Statistical Analysis
The Statistical Package for the Social Sciences (SPSSâ) version 17.0 (SPSS Inc., Chicago, IL, USA) was used for data processing. Continuous variables were compared by Student's t-test or the Mann-Whitney U-test. Categorical variables were compared by Pearson's chi-squared test or Fisher's exact test. A two-sided P <0.05 was considered statistically significant. The propensity score was estimated for all the patients by binary logistic regression. The covariates were the same as the non-propensity score analysis. The analysis was performed using Statistical Analysis System (SAS) software (SAS Institute Inc., Cary, NC, USA) for a case-control match based on propensity score. Univariate and multivariate logistic regression were used to identify independent predictors of AKI after PCNL. Receiver operating characteristic curves were constructed, and the area under the curve (AUC) was used to assess the predictive power.
Results
In all, 53 patients with a SK undergoing PCNL were matched with 53 patients with normal BKs. The two groups were comparable in terms of age, sex ratio, size and localisation of stones, comorbidities, and American Society of Anesthesiologists Physical Status (ASAPS) classification (Table 1) . There were more patients with high-grade ASAPS in the SK group than in the BK group, although this was not a statistically significant difference (P = 0.205). The distribution of puncture sites was also similar in both groups. Three patients in the SK group and six patients in the BKs group required a second puncture site during the same procedure.
Peri-and postoperative outcomes are presented in Table 2 . The operation time and postoperative hospital stay were slightly shorter in patients with normal BKs, but there was no significant difference. The initial SFRs were 52.83% and 58.49% in the SK and BKs groups, respectively (P = 0.696). Amongst patients with residual stones, three patients required retrograde intrarenal surgery (RIRS), and eight required a second PCNL in the SK group. In the BK group, four patients required RIRS, and 14 patients required a second PCNL. After additional procedures, the final SFR increased to 84.91% and 92.45% in the SK and BKs groups, respectively (P = 0.359). Table 2 . Most complications were Grades I and II, and the overall complication rates were comparable (P = 0.560). The mean drop in the postoperative haemoglobin concentration was comparable (P = 0.187), and blood transfusions were required in two patients in the SK group and one in the BKs group. No nephrectomy or angioembolisation was required. One case in the SK group had haematuria and after haematuria was relieved, continued bladder irrigation. One patient with normal BKs had septic shock and was transferred into the intensive care unit. Fortunately, the patient recovered with antibiotics and lifesupport treatment.
Immediately after PCNL, with relief of the stone burden, the eGFR of in both groups increased dramatically from baseline and dropped back to around baseline levels during the first postoperative day. During the follow-up period, there was a modest improvement in renal function in the BKs group, with renal function gain delayed in the SK group after PCNL (Fig. 1 ). During the 6-month follow-up period, both groups had an increase in renal function ( ] with no significant difference. There were two patients with positive preoperative urine culture in the SK group and six in the BKs group. Overall, 12 patients developed AKI after PCNL, amongst whom there were nine patients with a SK. After univariable and multivariable logistic regression, a SK, preoperative creatinine level and diabetes were risk factors for the prediction of AKI after PCNL (Tables 3 and 4) . The multivariable regression model based on preoperative creatinine level and whether patients had a SK or diabetes demonstrated a high AUC of 0.7 and prediction accuracy of 72.0% for predicting AKI (Table 4) .
Discussion
The present propensity score-matched pair comparison provides data on two important issues related to the safety and effectiveness of PCNL in the management of renal calculi in patients with a SK or BKs. First, the results revealed comparable initial and final SFRs in the two groups, and the overall complication rates showed no differences between the groups. Furthermore, we followed-up for 6 months to observe serum creatinine changes after the last procedure, and the majority of patients in the BKs and SK groups had a stable or increased renal function. These findings are important because potential confounders were balanced between the two groups that were compared. In addition, information on stone size in our present cohort was comprehensively described.
The challenges of managing a SK included the establishment of renal access and renal function protection. Complications such as puncture-associated kidney injury amongst patients with a SK may be more likely to have serious consequences, and uncontrollable renal haemorrhage can lead to disastrous events. Therefore, the cautious management of patients with a SK can lead to conservative strategies thus affecting effectiveness and the SFR. Our initial SFRs for PCNL alone was 52.83% and 58.49% for patients with a SK and BKs, respectively, which improved to 84.91% and 92.45%, respectively, with the addition of auxiliary procedures. According to the Bucuras et al. [3] study of 189 patients with a SK undergoing PCNL, the SFRs were significantly lower in patients with a SK than in those with BKs (65.4% vs 76.1%). The significantly lower SFRs suggest that surgeons were cautious and adopted less rigorous measures to completely remove fragments in case of bleeding, infection or any other damage. Stone clearance in patients with a SK needs to be balanced between aggressive procedures and safety. Less aggressive strategies would avoid risky interventions and increase the possibility of repeated treatment. Multiple punctures, supracostal access and a longer surgical duration may be needed for complex stones, but these risk factors significantly increase the complication rates of bleeding, fever, Table 3 The adjusted odds ratios (ORs) with 95% CIs of predictors for the probability of AKI using univariable logistic regression. and renal function impairment [6] [7] [8] . Other studies reported initial and final SFRs of 35.7-52.1% and 71.7-88.3%, respectively, after PCNL in patients with a SK [9] [10] [11] , which means a balance between higher SFRs and lower complication rates can be attained in large experienced centres. Our lower initial SFR may be attributed to a high stone burden and the high proportion of patients with complex renal calculi.
Careful preoperative preparation and intraoperative planning may be able to reduce associated complications. In our present study, PCNL was safe for treating renal calculi, with acceptable complication rates, in patients with a SK. The modified Clavien-Dindo classification, as a reliable tool, was used to objectively compare perioperative outcomes. In the present study, no severe modified Clavien-Dindo complications occurred, and generally PCNL appears to be a safe procedure. De la Rosette [12] found that renal bleeding necessitating blood transfusion was the most common complication of PCNL amongst all patients, partly because surgery involves puncture and dilatation through the renal parenchyma to reach the calyceal system. Less than 3% of patients may develop severe haemorrhage with signs such as hypotension or renal insufficiency [13] . According to previous reports, 1-12% of patients require a blood transfusion [12] [13] [14] . Srivastava et al. [15] retrospectively reviewed 1 854 cases, amongst which 12.3% needed transfusions and 1.5% needed renal angioembolisation to control haemorrhage. El-Nahas et al. [16] analysed 3 878 PCNL cases to evaluate risk factors for severe bleeding and found that significant risk factors were upper calyceal puncture, a staghorn stone, multiple punctures, an inexperienced surgeon, and the presence of a SK. Compensatory hypertrophy of the SK poses an increased risk of haemorrhage and transfusion. The CROES study found that renal bleeding rates were the same in both groups, but transfusion rates were significantly greater in patients with a SK than in patients with BKs, which may result from more caution taken with this population [3] . The potential risks of uncontrollable haemorrhage in patients with a SK are renal replacement therapy after embolisation or even nephrectomy, so aggressive interventions such as multiple punctures and large tract size may be avoided. The bleeding rate difference in different studies seems to be more surgeon dependent than technology dependent [13] . In the present study, a temporary nephrostomy tube was usually left in situ to allow urinary drainage and tamponade of tract bleeding, and to maintain access to the collecting system should a delayed 'second-look' nephroscopy be necessary.
Post-PCNL infection is common, but only a few cases progress to systemic inflammatory response syndrome (SIRS) or even septic shock. We routinely performed antibiotic prophylaxis for all patients with second-generation cephalosporin, and organism-specific drugs were used if the urine culture result was positive. The incidence of fever after PCNL ranges from 0% to 32.1% [13] . Bootsma et al. [17] found that the duration of the procedure was one significant risk factor for postoperative fever. In addition to operation time, infection-related complications are correlated to large stone burden (≥20 mm), positive urine culture, and upper urinary tract obstruction [18] . Our present study controlled for the stone burden of the two groups via propensity scorematching. Nevertheless, positive urine culture was different between the two groups. There were five patients with Grampositive bacteria, and nine with Gram-negative bacteria in the SK group. In the BKs group, there were five patients with Gram-positive bacteria, 13 with Gram-negative bacteria and five with fungal urinary infections. Based on limited information, we could only speculate that positive urine culture was a risk factor for fever-related infection.
The CROES study reported an associated rise in serum creatinine in the immediate postoperative period amongst all patients undergoing PCNL [3] . Nevertheless, patients had improvement in renal function from preoperative levels to those measured at~3 months to 1 year of follow-up [3, 19] . Canes et al. [20] also reported modest overall improvement in renal function preservation in patients with a SK for up to 1 year of follow-up. In addition, in a report of 185 patients with chronic renal disease undergoing PCNL, nearly all patients had postoperative GFR improvement [21] . In general, patients with normal BKs would have a renal function benefit from surgery without causing long-term renal impairment. Large renal stones might compromise renal function, and removal of the stones would relieve kidney damage. The overall function evaluation at 6 months showed stable or improved renal function in >90% of patients in the BKs group, which is consistent with previous studies [22] . For patients with a SK, 79.2% of patients showed stable or improved renal function, and for the rest of the patients we did not observe an improvement of renal function during the follow-up period. For those patients with no recovery of renal function, a deteriorating eGFR might be attributed to preoperative renal function impairment and urinary infection. It is also vital to monitor urine output in case upper tract obstruction has occurred. Urgent intervention is mandatory to drain the obstructed kidney. Moreover, if complete removal of stone fragments cannot be achieved in a single procedure, it is recommended that large stones are not fragmented into pieces and large fragments are directly removed by graspers. It is recommended to shorten operation time and reduce potential harmful effects on renal function of long-term anaesthesia and renal perfusion.
Although the present study presents a single-centre experience, the data obtained were homogenous, and background information was comparable after propensity score-matching. Despite the low complication rate of PCNL, the difficulty of the procedures should not be underestimated. Percutaneous management of this patient subgroup necessitates considerable expertise, because complications in inexperienced hands can still be significant [12] .
Conclusion
In patients with a SK compared with those with normal BKs PCNL can be equally effective with high success rates when performed in large experienced centres. Whilst renal function is a vital issue that should be addressed in patients with a SK, the quick and complete removal of the stone burden and obstruction relief are crucial in dealing with this special population.
